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TEST OF Al ADJUSTABLE PITCH MODEL PROPZLLER
AT FOUR BLADE SETTINGS.

By E. P. Lesley.

Summarzry

This note describes tests of an adjustable blade metal model
propeller, both in a free wind stream and in cowmbination with a
model fuselage, at four settings of the blades. The model pro-
peller is desigred for a uniform nowminal pitch/diameter ratio of
.7 and the tlade settings used correspond to nominal pitch/
diamcter ratios of .5, .7, .9, and 1.1 at the ,6 radius.

The tests show that propellers of this type mav be consid-
erably changed in setting from the designed pitch angles and yet
give excellent performance.

The efficiency realized and power absorbed when blades are
set at other thian the designed angle, are little different than
would te obtained from a propeller with uniform pitch equal to

the mean nitch of the propeller under test,
Irntroduection

The adjustatle blade metal propeller is usually designed to
have the dlades set at such an angle as will provide a somewhat

uniform pitch along the radius. It has becn shown that (Refer-
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¢nce 1), in o frec wind strcom, while such a propeller gives the
sreatest efficlency there may be considerable variation in pitch
as distributed alcng the radius without serious efficiency losse
It has ©1lso Leen shown that (Reference 1), in combination with a
clipstream obatruction, a propeller with a radial pitch distribu-
tlon sinilar tc the radial distribution of velecity through the

propeller plane, given superior results. The present tests give

some fTurther conlfirmation of the atove ceonclusiong.

The model »propeller chosen for these tests was propeller A
of Reference 1. The blacde form is shown in Figure 1. The model
has = uniform nominal pitch/diameter ratio of .7 when set at the
angles shown. For a nominal pitch/diaseter ratio (at .6 radius)

nf .5, the blade angles are decreased 5.6°. For a piteh/diameter

b
ratio of .0 they are increased 5.1%. For o pitch/diazeter ratio
of 1.1 they are increased 9.9°.

Tavle I ghews the radiul distribution of nominal pitch-
ciametcer ratin for the settings employed.
TABLE I

Pitch-Dicueter Ratlio - Propeller A

angle ov Radius - % oY tip radius

80 : - S
HRadius 10.3 1 15 30 45 60 75 90 100
14.37 R A T - = S L 5 R B |
30,4 A A R S LT W7
25.5 .88 .84 .87 | .00 ¢ .94 0 .97 | 1.0
30.3 1 1.05 : 1.00 1.04 | 1.10 ; 1.17 ! 1.285 1.31
|
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It is gecn from the above that the 14.8° setting provides
a proncller of radially decreasing pitch, the 230.4° setting, a
propeller of uniform pitch, arnd the other settings propellers
of radially inrcreasing pltcoh.

The tests were conducted in the Guggenhelm Aeronautic Lob-
oratory at Stanford University and in the ususl manner — de-
scribed in detail in Reference 1.

The oboerved dsta and compubed cocificients are given in

Tables IT to IX. The coefficients

_ hp X 550

°p o n® D°
Cp = - thfu_s_t_
p n< DG
and if = efficiency,
with V/»D as argument, are shown in Figures & to .

RemarTk

[69]

The Treoe wind stream tests of this model revesl no start-

.

ling results. As may be seen from tests of other propellers
(Reference 2) the power sbsorved and efficiency developed are
about whot would te expected.

Reference 2 gives the results of tests, in a free wind
stream, of adjustable blade metal model propellers with five

uniform nominal pitch ratios. Each propeller is tested at six

blade ancles. thus providing thirty nrovellers with a consider-
) D &) pror
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able range of mesn pitch and a wide veriety of radial piltch dis-
tribution. Trese wodeles are similar in plan form and gection to
model A of the preseat tests.

Figure 10 shows the maximum efficiency points for the tests

jav]

of Relerence and for the frec stream tests of propeller A.

-+ 1
It mar Lo

A

gen freom this figure thet, while in a frec wind
stream, the unifecrm pitch nropeller of this form generally at-
tains the higher efficiency, the departure from uniform pitch,

in settings of model A used, is insuificlient to cause an apprecil-
able difference between realized efficiency and highest erii-
clency to be exzected.

The threz epots of Figure 10 that are more then 5% below

a line drgvm through the higher maxima are for propellers having

piteh at the tip twice that at the 30% radius, which is threc

times the wmaximum radial variation encountcred in propeller 4.
With respect to power 1t moy be secen that for propelleTrs

of ziven wvlan Torm and sections the power coefiicient

fibony N
Cp = _ 950 BD v saximum efficiency depends malnly upon the dy-
0 n3 DS =

)

namic pitch. Tigure 11 shows COp for maximum efficiency for

all tests of Reference 3, and the free stream tests oi propeller
A plotted sgainst dynamic pitch ratio, or V/nD for zero thrust.
Whilc there is some lack of an exact correlation of Cp at zaX-
imum efficiency and V/nD for zero thrust, the general rela-
tion is evident. Further, since, near the peak of the efficien-

cy curve, efficiency changes hardly at all and the power coeffi-
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cient considerably with a omall chanze in V/nD |, particularly
with oropellexrs of laorse pitch ratio, the ghots of Figure 11
can be broushit into o lincar relation with no denaxture from
the cbservations heyend the wrobable experimental error.

The model fuselaze used in these tests wus the same as that
of Reference 1 - a VE-7 with otub wirgs. It arnpears from the

tests of propeller A in combination with the model fuselage

that for the 14.8° s tting there ig a decrease in peok efficlen-
. ; ; s 0

cy of 2.5% from that of the free stream test. For the 20.4

‘a1 the 2 0 t+ino i+ i

for the 35,5 setting it is zero,

setting there appeers to te o slight gain.

If the erfficiencies are compared at the power coefficient of

maximum efficiency for the free stream tecots, howewver, it will

be seen that at all settings the propeller is less efficient in

(o)

the presence of the model fuselage, and that there i1s the small-
. . G .
est loss - about 1% - with the 25.5° and 30,3” cettings.
A survey ot the propeller plane in ifront ol the model fuse-

at

la nows velocity varying from zero at the hub to free stread

J9
o]
2

velocity at the rlade tip (Reference 1). 4 smaller loss in
peak ciiiciency for the 25,5% and 30.3° settings seeme therefore
not unreascrnavle since the pitch distribution for these settlngs

ig of the geme noture as the velority distribution. On the other
J

. . e - o NP
hand, the small loss in pesk efficiency for the 14.87 setiing

ot

secms contrary to the natural expectation.

It should be noted that, with the wind specde cmployed in
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these tests, the abaslute values of tirust ~ind torgque ot meaximunm

.

gfficiency nre ciinll, perticularly with the hizh pitceh settings,
and that therefore a small =~isolute error in observetion of
thrust cr torgue is relatively large. The vnrobable criors in
thrust and forgue obscrvabtlons are believed to be about .02 1b.
end £,01 1h. f%., respestively, corresnonding to aboub 3% of
the observed values for moximum efficiency at the 30.3Y setting.

Indivicdual deterninationg of efficiency ncar vhe naximum may

+1% in error.



TABLE II

- LRl 3 a0 O
Proneller A — Free VWind Stremn - 10.8" Rndius ot 14.8

o e e e e e e e e -

1 2 | : v l n ? thiust | torque
2PV & B it./'sec. | T.p.s. i 1. i Ib.-0t.
4.91 .00338  + 35.0 34.5 | 0 1 0.84
4.35 .00332 | 55.« 35.7 | 0.75 | 1.07
5.15 . 00333 35 € 37.4 | 3,03 | 1.35
5.32 .00233 | A7.2 39.0 | 3.05 | 1.87
5.25 .0023L  ,  87.5 40.3 4.57 | 2.05
5.36 .00331 | B&.1 3.7 6.81 | 2.9
5.30 L00331 87,7 45.1 | 2,15 1 3,13
5.38 .0033L 1 83,3 47.7 . 18.83 | G.Z
5.53 L00831 P 83,2 50.2 ' 15,25 1 4,51
5.74 .oo231 ' 70.5 56.7 | 33.37 |  6.01
5.97 L00231 1 73.0 83.5 | 30.Z20  7.75
3.15 .00331 1 B3.3 36.7 ;  30.50 | 6.7
1.42 L0N331 1 35.0 52.1 1 30.50 |  5.03
0.19 .00831 | 13.9 47,7 . 30.50 L 4.91

TARLE II (Cont.)

™ ™S L e 2 L «\O
Tropeller A - Frce Wind Stream - 10.E"% Radius ot 14.8

1 aqr2 . L shrust A _ power | n
z PV v/D VT D n2D% P T ondps efficiency
S S, . —— S SN U
4.91 838 T 0 L0072 | 0
4,95 L0011 i ., 00353 L0024 . 207
5.15 . 584 L0077 »01.08 . a0
5.2¢ .574 L0107 .0122 . 501
5.35 .5bA L0151 014l D05
5.36 D33 L0104 0155 .864
5.30 . 501 L0341 L0173 .7CO
5,38 JETT L0888 QLR L7381
5.53 L4583 L0315 L0105 733
5.74 415 L L0375 .0310 . 738
5.07 L3841 L0410 .0223 . 723
3.15 . 307 i L0008 L0837 . €60
1.43 234 1 .0e01 . 0247 . 546
Oe1Y LOOL | w717 L0843 PHES
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TABLE III

Propeller 4 - Free ¥Wind Stream - 10. 8" Radius af No 4°
N : v n | thrust torque
2P e . ft./sec. TeDsSe | 1o, || 1t.—ft.
4,76 00328, 64.8 25.8 0 j 0.46
4.88 00228 ! 65.5 237.0 .76 0.74
5,00 .00224 68.8 28.7 2.03 1.19
5.01 00223 87.0 29.8 3.04 1.53
4,94 .00233 66.4 312 4,56 2.00
4,29 . .00333 | 6E.9 33,53 6.58 2.63
5.10 | .00223 67.8 35.8 0.11 3437
5.14 | .00233 | 67.0 33,5 12.15 4.21
5.84 | .00223 65.5 41.0 16.20 5.32
5,37 L06333 £9.4 45.6 332.37 .86
5.54 § .00233% 70.4 51.8 30.37 8.86
3,12 | .00334 | 53.4 48.2 20.37 2,01
1.35 | .00224 :  34.8 44.8 30,37 6.96

.35 | .0oB34 1 15.0 2.7 20.37 £.18
TABLE III (Cont.)

Propeller A - Free Wind gtreum - 10 8" Radius at 20.4°

5 i L i o Tttt T T T
] 7 /n Lo torust | 0p = ROWeT N
kov 1 7/eD .‘ T o n®p* | 3 o D efficiency
4.76 | 4837 1 O . 0078 0
4.86 | Glele 0057 L0117 . 394
5.00 | .775 0135 LOLET .628
5.01 749 .0189 .0199 .703
4,94 710 .0259 . 0338 774
4.99 €70 0328 .0374 . 801
5.10 1 6239 .0393 .0304 .812
5.14 | 588 L0453 . 0329 .810
5.24 545 .0510 . 0351 W7U3
5.37 | 498 .05687 .03G5 L7690
5.54 | ,453 . 0536 .0382 L7423
3.19 | .380 .0731 . 0306 668
1.35 558 . 0830 : . 0398 .539

.25 L17 L0917 } L0390 .075
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TABLE V

propeller 4 - Free Tind Stream - 10.8" Redius at 30. 3%
L2 ! : T n 1 taTust k coTque
2Py 1 P . ft./scc. TeDe Do | 10. t 1b.-1%.
5.17 | .00231 | 65.0 17.¢ 0 T 0.34
5.15 | .00332 ¢ 33,8 16.4 | 0.78 +  0.80
5.23 i 00233 | £7.3 12.8 2.03 | 1.45

431 .00B31 . 88.5 2l.1 3.05 ! 1.93
.40 1 .00231 53.0 3.9 4,58 1 5.83
5.63 1 00231 A3 25.0 3.61 | 3.50
5.42 | .00833 6244 20.9 | 9.15 |,  4.53
5.71 | .00R231 | 7043 2%.7 | 13.3 L 5.73
5.74 | .00232 |, 70.4 3l.1 14.2 . 6.4B
5.86 | .00233  ,  71.3 36.5 ° 83.37 | U.28
5.06 00333 72,3 41,0 | 30.51 | 18.07
0.33 1 .00833 ' 53.8 40.7 | 30.51 | 11.81
1.51 | .00R233 38,1 40.2 ; 30.51 i 11.50
0. 30 .C0233 ;  13.1 39.8 30.5 | 13.44
TABLE V (Cont.)

Propeller A - Free Wind Strecm - 10.8" Raalac at 50,3°
_ ‘ _ R , Balus —
Lowe / AL _t_fr,l._r_l.l_ili. 0 pover ‘ n
20V } V/nD ; vl 0 n2 D4 “F = 0 r3Ds ﬂ efficiency
5.17 | 1.383 0 . 0120 | 0
5.15 | 1.211 { .0120 L0264 ! . 562
5.23 |  1.131 L0276 .0413 : . 754
5,43 . 1.0832 | L0354 . 0483 i 016
5.40 | 1,004 L0466 .0580 ; .838
5.63 L030 | .0564 .0E25 .838
5.43 847 L L0873 . 0696 .810
5.71 .788 .0738 .0724 .503
5.74 .753 | .0722 L0743 .70 ,
5.86 651 | L0896 L0778 . 744
6.06 .587 L0965 . 0799 . 708
3.3% 439 | . 0380 L0706 | . 540
1.51 209 .1003 L0703 ! . 379
0.30 .134 | .1081 .0873 |

157
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TAELE IV

P;u;fller A - F"°c Wind Stream - 10.8" Rodius at 35.5°
3 | i i N
.d.pv E 0 ! ) n | thrust Torque

_ _4___¢ /f,q r.p. ﬁs.‘l> ~ 1be | lb.-Tt.
5.20 1 .00233 i 67,5 21.5 9 N.44
5.35 L0230, 65,1 22.5 | 0.76 0.R3
5,43 .0L231 £3,6 23.6 2.03 1.35
5.45 | .0023L £8.7 848 3.05 .75
5.47 | LO0SEL 8.0 26.23 4,58 D54
5.54 L0231 63.3 283,53 5.61 %410
5.44 L0023 85,7 ! 50, 4 9.15 5,07
5.55 olerical 60.3 33.1 12.30 4,07
5.60 L0023 7042 33.2 15,37 5,353
5,04 LO0231 7147 40.5 22,37 8.22
5.3 LO0RRT T3 45,3 30.51 | 10.83
3.21 L0083L 53,7 43,3 30.51 L 0,32
.05 0233 53,2 | 40,5 30,51 8.74
0.27 .00232 15.3 | 40.7 30,51 .08

TABLE IV (Cont.)
Beoreller 4 - Frec Wind Stream — 10.8" Radius at 85.5°
~ z C ] ,ﬁ_

1o y? 7/ . . ihrust . bower T,
A V/nD 5 Ot o n° D* % O n3DP eflicienry
5.20 1.049 | 0 . 0107 0
5.35 1.011 ! L0081 .G185 L4441
5.43 LoeT L0185 L0370 L6083
5.45 L0285 L0865 L0319 77
5.47 LB75 L0358 L0381 L8117
5.54 LELT L0441 . 0434 .831
5. 44 L7530 L0530 L0482 L850
5.55 600 L0596 . 0509 LG18
5.60 547 .0E65 . 0542 . 704
5.94 500 .0728 L0561 L765
6.13 637 L0706 . 0583 734
3,21 L4177 L0917 . 0587 .B50
1.28 o733 L0083 . 0590 L4544
0.2 125 | L0550 . 0608 ] .03
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TAELE VI

Proneller A with VE-7 Fuselage — 10.8" Rodius at 14.8°
2o 2 o v '! n thruss torque
e It./seo. TepeSe 10, 1b..-Tt.
4,50 L00230 64,5 %, 0 ~0.01 0.77
4,55 LG0220 65.0 34,7 +0.7G 1.02
4,67 .N0820 65.1 | 36,1 3.07 1.35
4.56 .70223 85,1 | 57.2 3.08 1.55
4,54 00229 65.0 3340 4.5%7 2.03
4.51 .0N220 £2.7 40,4 .56 2. 44
4,63 L0022 63.6 46.5 12.25 3.75
4.79 -30220 54.7 50.7 1645 | 4.73
5.18 .10229 67.2 56.6 20.853 ‘ 6.17
5.24 00258 67.9 63.3 21.00 | 7.90
2.60 L0028 47.7 56.4 53.97 | B.76
1.27 00258 35.4 £4.0 50.%6 1 6.21
0el7 .0N820 12,3 50.6 30.35 | 5.37

TARLE VI (Cont.)

Proseller A with VE.7 Fuselage - 10.8" Radius at 14.8°
£ D

seve /6D Op = 28t g, o BOTET M
* Pn?D* | p n3Ds efficienc

4.80 647 _.0001 ' .0078 . 004
4.85 524 +.0035 .0095 +.231
4.87 .601 . 0085 L0117 . 440
4,885 .583 .0120 L0154 .510
4.84 55" L0183 0151 503
4.51 518 L0317 | .0169 328
4.63 458 | .0505 .0106. L7
4.79 .25 L0345 .0208 - 705
5.16 . 396 L0385 .0218 .899
5.24 .380 .0426 0227 67e
2.80 .290 - 0502 0237 .593
1.27 .206 L0563 .0241 L4871
0.17 081 | .0642 .0238 210
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TABLE VII

Propellor A with VEI-7 Fuselage — 10.8" Radius at 30. 4°
a2 . v ul | tharust | torque
ep v : & L Tt./sec. T.PDe S E 1t. - lo.-It.
4,78 | .00257 | 64.0 24.4 ©  -0.08 0.38
4.80 . .00237 £5.1 35.6 | +0.75 0.71
4,85 | .00337 ,  65.4 27.4 3.05 & 1.18
4,83  .00828 | B853.7 28.7 3.00 | 1.59
4.94 | .00336 1 65,1 30.5 4.66 2.15

.48 | .00233 | 62.0 3L.8 6.53 2.70
4.53 . .0033¢ | 63.3 Bie6 9.11 3.48
4.4 | .00335 1 64.1 37.8 1 12.87 0 4.41
4,82 ' .00223 | @ B5.5% 41.7 . 16.48 | 5.59
5,11 | .00325 ¢ 37.3 46.7 . 33.66 | 7.33
5.42 1 .00238 | 80.3 53,5 +  30.78 | 9.54
5.1 | .00327 | 53.5 0.4 1 30.54 | B8.58
1.38 00237 1 33.0 46,5 0 30.17 | 7.6
7.230 | ObBBV . 13.3 44,7 1 30.37 | 6.20

TABLE VII (Cont.)
Proeller A with VE-7 Fuselage - 10.8" Radius at 30.4"
) + 1 | - "~ ]
i)—p V7| “/L;D Cm = EE&E.JF ; Cp = _}"E)\_C_l“ 7
| + p n2 D4 ; 0 n3 e ] L,f.!.l:.l?fi_:}{

4,75 1,885 ~.0005 .0073 ~. 082
4,30 R4 +.0062 | .01233 . 429
4,35 707 .0149 ; L0130 .663
4.88 L7823 .0205 ; .0220 709
4,04 .721 .0373 ! L0363 747
4,48 .659 L0352 L0505 .61
4.53 .610 .C418 <0353 L7€4
4.64 | .365 .0468 . 0351 753
4.82 | 533 L0517 . 0363 . 734
5.11 l . 4530 | .0538 L0385 . 709
5.42 | .440 | .0810 . 0398 .677
3.12 . .354 ; .0883 | L0401 .603
1.38 .849 i L0748 i L0363 . 456
0.20 .09 ; L0838 i L0324 . 307
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TABLE VIII

Propeller A with VE-7 Fuselage - 10.8" Radius at 25.5°
L 2 v n thrust tornue
ffav i £t, /ser. T.D. S 1b. 1b.-ft.
4.95 . 20883 £5.0 20.0 0.13 0,33
5.01 00828 66,3 21.23 C.03 0.77
4,09 00827 66,2 0845 2.1 1.30
5.02 .NNBa7 BH.4 83,7 3.08 1.775
5.15 .00z227 67,3 25.8 4.55 2.44
4.73 « 00887 h4,5 27.5 6,75 3.13
4.74 .0N2387 54,6 307 .29 4,03
4.84 0237 65.3 38,9 18.42 5.08
5.08 . DN237 66.9 36.5 16.68 6.47
5.33 . 00287 58.5 41,2 23.33 R.43
5.590 » D027 70.8 45,5 31.30 10,97
3,01 0027 5..5 44.4 30.02 9.06
1.29 .0I227 33,7 43,73 30, 33 0.22
0.19 . 0237 18.56 42.3 30.37 8.35

TABLE VIII (Cont.)
Propeller A with VE-7 Fuselage — 10.8" Radius at 35.5°
" ! thrust power

1 2 f _ R N i ~ n
i v/nD ot £ neDn* P D n3DS efficiency
4,95 1.098 ; 0017 . 0005 . 160
5.01 1.042 ; L0112 RARRER: .805
4.99 .963 . 0235 L0894 . 786
5.02 « 233 NAICEES) .03ba . 820
5.15 . 859 .0395 .0416 . 838
4,78 .782 . 0486 L0473 . 300
4.74 L7717 . 05569 0208 . 78U
4.84 661 L0833 .0533 LTS
5.03 612 . 0682 .05564 .758
5.33 . 554 L0734 .0565 781
5.50 . 003 .0785 L0576 684
3.01 . 387 .N=55 . 007 A
1.29 . 259 . 0880 . 0602 . 378
0.19 | .100 .C903 .0575 . 156
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TARLE

IX

Proceller A with VI-7 Fuselage - 10.8" Fading at 30.3°
o vE | 0 ! v n ' thrust
« P o ' | 4. /sec. T.D.Se 1 1o, %
£.76 | .00236 |, 65.0 18.1 | -.06
4,80 1 .CC325 | B5.3 17.3% | +.75
L8710 .00235 1 65.8 19.1 | 23.09 |
=04 1 .00833 1 85.3 20.4 3.5
4.99 | .00235 , €8.5 2.5 | 4.71
4,55 . .00835 ,  83.5 234.3 1 8.55
L0586 .00835 1 B3.5 6.5 1 9.14
4,77 1 .00238 | B84.9 23,6 | 13.38
4,96 00222 1 85.3 33.1 | 18.59 !
5.14 00230 1 B7.4 37.6 | 23.80 |
5.53 00225 | £2.9 43.9 1 3l.24 |
3.08 00237, B1.0 2.7 1 30.40 |
1.35 .00237  } 33.3 42.3 | 30.34
0.28 .0033 i 14.1 43.2 | 30.42 @

Propeller A

TAELT IX (Cont.)

14

tord£;> -
1ha—=ft,

0.19
0.67
1.37
1.91
2.66
3,45
4,46 .
5.67
7.24
9.58
13.38
12.37
12. 48
13.54

with VE-7 Fuselage - 10.3" Redius at 30.3°

TPV

4.76
4.80
4.87
4.24
4,39
4£.55
4,96
4,77
4,96
b.14
5.53
3.06
1.85
0.223

. 0886
L0579
008D
.0210
L0036
. 0900

n

_

~

. 703
o
-7UQ
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Fig.2
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Fig.2 Propeller A in free wind stream,10.8" radius at 14.8°



Fig.3
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Fig.3 Propeller A in free wind stream, 10.8" radius at 20.4°
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Pig.4 Propeller A in free wind stream, 10.8" radius at 25.5°
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Fig.6 Propeller A with model fuselage, 10.8" radius at 14.8°
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Fig.7 Propeller A with model fuselage, 10.8" radius at 20.4°
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Fig.8 Propeller A with model fuselage, 10.8" radius at 25.5°
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